A system of extracorporal maturation of growing and fully grown oocytes have been developed on the basis of research of a role of structural elements of porcine follicles in formation of mature oocytes and a preventive estimation of the functional status of oocytes (BCB-test). The cultivation of oocytes in the developed system allows to receive till 45 % of embryos at the stages of late morulae and blastocysts.
Creation of biologically valuable pig embryos (native or reconstructed) by a simple method in vitro can be used in innovative cellular reproductive techniques (embryo transfer, transgenesis, cloning, embryonic stem cells) and their implementation in pig breeding, biomedicine, and pharmacology (1) (2) (3) . Today a basic approach to the method is developed and applied to produce the offspring from oocytes cultured in vitro, but the outcome of oocytes at metaphase II in this case is lower than those obtained in vivo (4) . Fertilization of porcine oocytes matured in vitro is often associated with polyspermy and violations in the formation of male pronucleus (5) . The resulting number of blastocyst embryos is insufficient for experiments on creation of embryonic stem cell lines. All these facts underlie the development of effective systems for maturation of porcine oocytes in vitro and high outcome of mature oocytes.
The purpose of this study was modeling in vitro the system for maturation of porcine oocytes completely grown in vivo or in vitro based on markers of nuclear-cytoplasmic maturation of oocytes (chromatin status and mitochondrial activity) for their use in cell reproduction techniques.
Technique. Oocyte-cumulus complexes (OCC), somatic cells of ovarian follicles, and pre-implantation embryos were derived from Landrace pigs (6-8 months age). OOC were aspirated from follicles with a diameter of 3-5 mm. Follicle walls were examined for vascuolarization and turgor. Follicular fluid was aspirated from follicles with a diameter of 3-5 mm showing high turgor and an extensive capillary bed. Selection of OCC for experiments, evaluation of their quality, isolation of follicle membranes and follicular fluid, determination of fluorescence intensity in oocytes were performed using MitoTracker Orange CMTMRos (M 7510; Molecular Probes, "Eugene, OR", USA) following the methods described previously (6, 7) . The fluorescence intensity (uA/oocyte) was measured using a fluorimeter (Nikon Photometry System P 100, "Nikon", Dusseldorf, Germany). Procedures of culturing pig oocytes and fertilization in vitro, as well as culturing of preimplantation embryos were conducted according to previously developed recommendations (6) . Functional state of the original population of porcine oocytes was assessed by BCB-test using the method described earlier in bovine oocytes and modified by reducing the content of working solution of brilliant cresyl blue (B-5388, "Sigma", USA) to 13 mM and treatment time to 60 minutes (8) . After the exposure to BCB, the oocytes with blue cytoplasm were counted as completely grown (BCB+), unstained -as growing (BCB-). The state of chromatin in oocytes and embryos was assessed by the method of A. Tarkowski (9) . Three systems of culturing were compared during the experiment: I -using a synthetic medium NCSU 23 (North Carolina State University) prepared following the prescription of R.M. Petters and K.D. Wells (1993) and described in guidelines (6) , with the addition of human chorionic gonadotropin and horse chorionic gonadotropin (10 IU of each) (base model -BM, control); in the other variants, BM was added with: II -10% follicular fluid (FF, follicles of 3-5 mm diameter), III -follicle wall (FW, follicles of 3-5 mm diameter), IV -10% FF and FW.
The obtained results were compared using Pearson's chi-square test or Student's t-test (statistical software Sigma Stat). Reliability of differences of mean values were evaluated at three levels of significance -P <0,05; P <0,01; P <0,001 in 3-5 independent experiments.
Results. The general scheme of the experiments is shown in Figure. Simulated systems of oocyte maturation are an important instrument of embriotehnology. The development of embryos outside the body principally depends on conditions of culturing in vitro and their similarity to physiological process (10, 11) . The population of oocytes isolated from the ovaries of donor pigs was heterogeneous. Testing oocytes with BCB vital dye as indicator of glucose-6-phosphate dehydrogenase (G6PDH) allows selecting the proper cells for further culturing, fertilization and embryogenesis. BCB reveals intracellular activity of G6PDH -the key enzyme of pentose phosphate cycle important for cell growth. Activity of this enzyme is high in growing oocyte and it reduces by the end of the growth. Non-toxicity of BCB dye was proved by experiments on sheep oocytes regardless of their size that were tested for a competence to meiotic maturation (12) . In the earlier work it was found that porcine follicles of 3-5 mm diameter contain 71% completely grown oocytes (BCB+) and 29% -growing ones (BCB-) (7). In vivo oocytes maturate in a follicle where the functional activity of its structural elements (cells of theca and granulosa) and FF ensure correct meiotic maturation and formation of a mature egg cell. In this regard, pig oocytes were simulated for maturation in vitro using follicle wall and follicular fluid added as components to the culture media. The experiments were performed on completely grown and growing oocytes according to BCB-test. Table 1 shows the results of culturing the grown and growing oocytes in different systems. After 44 h of maturation, most of the oocytes in all groups re-initiated meiosis (91-93%), while only 7-10% cells remained at diplotene. The number of metaphase II oocytes was significantly different in control variant (not tested by BCB) and all experimental groups with BCB+ cells that completed growth before the start of culturing. In 78-88% of these oocytes (regardless of culturing system) was observed meiotic maturation. After 44 hours of culturing the growing oocytes, 48-58% of these cells developed the final stage of meiosis. It was also found no significant intergroup differences in number of oocytes with degenerated chromatin, which may indicate that immature oocytes can continue their development to metaphase II in vitro.
Parameters of porcine oocyte maturation at 44-hour culturing in different systems
Formation of a grown oocyte capable for fertilization and subsequent development of the embryo is a complex transformation of chromatin (nuclear maturation) and ooplasm compartments. All processes in the cell are associated with energy metabolism and depend on oxidative phosphorylation. Functional activity of mitochondria reflects cytoplasmic maturation of the oocyte (13) , which can be used in highly informative metabolic tests that show biological value of oocytes. Using intravital dyes, such as MitoTracker Orange CMTMRos M 7510 that specifically binds to active mitochondria, allows to estimate functional state of oocytes. The comparison of fluorescence intensity on MitoTracker Orange CMTMRos M 7510 in grown and growing porcine oocytes after maturation in various experimental systems revealed significant differences between all groups (Table 2) . By the end of culturing (44 h), BCB-oocytes exhibited high values of fluorescence in all the systems (Table 2) . BCB-oocytes cultured in the medium with hormones, FF and FW showed lower intensity of fluorescence than those maturated in all other systems. It was observed the reliable difference in this parameter between the variant of BCB+ oocytes cultured in the medium with hormones, FW and FF, and BCB+ oocytes cultured in the media with hormones and FF. So, the reduce in intensity of fluorescence of BCB vital dye recorded after culturing can be considered as the evidence of completed cytoplasmic maturation of the oocyte and preparation to blocking meiosis at metaphase II.
Fluorescence intensity in porcine oocytes
The efficiency of fertilization of porcine oocyte and culturing of resulting embryos (Table 3) was assessed with respect to the frequency of cleavage and development to late morulae and blastocysts. Thus was determined the system ensuring maturation of oocytes that completed growth both in vitro (BCB-) and in vivo (BCB+). The system provides high output of embryos at stages of late morulae and blastocysts (respectively 12 and 45%) compared with other experimental groups (in which the rate was 3 to 21%). So, it was shown that the most effective maturation of porcine oocytes that completed growth in vivo or in vitro was obtained using the system with follicular fluid and follicle walls added to the medium. This system favorably affects maturation of oocytes in vitro and further development of embryos. The role of granulosa cells in this process is associated with their main functionsteroidogenesis and production of estradiol important for oocyte maturation. Therefore, the presence of somatic follicular cells (follicle wall) in a culture medium may lead to further increase in production of estradiol that promotes maturation of oocytes and their competence for fertilization and embryogenesis. So, the authors have developed the system for extracorporeal maturation of oocytes that completed growth in vivo or in vitro. This system is based on preliminary assessment of functional state of the oocytes (BCB-test) and using the markers of nuclearcytoplasmic maturation (state of chromatin and mitochondrial activity); the oocytes are cultured in the medium containing follicular fluid and follicular walls as components added to the base medium. Under these conditions, the output of porcine embryos at stages of late morulae and blastocysts may be equal 45%.
